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SUMMARY

1. A formulation for enhancing the bioavailability and chemo-
therapeutic activity of an antischistosomal nitrovinylfuran
has been developed . _ .~~~~~~~~

2, In collaboration with Drs. Michael Cary and David Henry ——
(Stanford Research Institute ,L the structure - antischistosomal
act iv i ty  relationship were invest igat ing using over 100 n e w l y
synthesized compounds belonging to a single class , i ,e •,  nitro-
v iny l fu rans.

3 “- Mutagenic and antischistosomal activities have been dissociatc..1
f rom hycanthone ~y suitable s truc tu ral terations . . ( R e c e n t l y,  two
of the compounds,~-flA-3 and IA-4 Oxide , developed by. us under
this contract , have been investigated further at WRAMRI and
found highly effective in the treatment of primates infected
with Schistosofna mansoni,

4~ Thr ee metabolites of the mos t ef fec tive and least toxic
ant ischistosomal hycanthone analog have been isolated and iden-
tified as the aldehyde , the desethyl aldehyde and the desethyl
derivatives.

5. ~ The mutagenic activities of f ive antischistosomal compounds
have been determined and compared with each other , Three differ-
ent~,~~~ocedures ,one direct and two host mediated systems were
used~ NJ-lycanthone was found to have kg for the highest  mutagenic
ac t iv i ty.  The mutagenic activities of met r i fona te, IA-4 ,
oxarnniquine and of IA—4 N-oxide were several orders of magni-
tude lower although schistosomicidal activities were approxi-
mately the same~ Hence, structural modifications of the
hycanthone molecule have reduced markedly mutagenic pr operties
while desired chemotherapeutic activities have been maintained.

6. Genetically transferred resistance to the antischistosomal
drug hycanthone can be produced in some s trains of Schistosonia
mansoni ,~~a) by admini stration of t he dru g to hosts of adul t
schistos’omes (Type I ) , ( b ) by exposure of immature schistosomes
to the drug within their hos t , 27 t o 30 days after infection
with cercariae (Type II), and (c) by infection of the host
wi th one sex of cercariae f ollowed by infect ion with the
opposite sex 13 to 133 days thereafter (Type III).
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1. Attempts to develop formu lations designed to increase the effective-
ness of SQ 18, 506.

Previous studies have shown that two methods enhance considerably the
bioavailability of SQ 18, 506: (a) reduction of the particle size below
4 microns (surface diameter) by ball-milling the compound in 25% glycerol
containing a low concentration of a non-ionic detergent (“Cremop hor El”)
for two weeks ; (b) emulsifi cation of this ball-milled preparation w ith a
related non-ionic detergent (“Cremop hor RH-40’T).

We have developed a new milling procedure which involves hig h speed
grinding wi th  sucrose  crystals as an abrasive . This technique provide s
equiva lent resul ts  with processing times of hours  rathe r than weeks .
Further  test ing is required to de te rmine whethe r this new method can yie ld
a particle size even more effective than the ball-milled product.

Pr eviou s obse rvations sugg ested tha t conditions favoring t he reduct ion by
the host of the nitro group of SQ 18 , 506 to a nitroso or hydroxy lamino
de rivative enhances the antischistosomal activity of ora lly administered
SQ 18 , 506 . Therefore , an att empt was made to determine w h e t her a
simu ltaneous supp ly to the hos t of reducing equivalents mig ht not increase
this reduction . Two sulfh ydry l c ompou nds - g lutathione and crysteamiri e -

were  tested. As shown in Table I , p retreatment wi th , and coadminist ration
of , thesç sul fh ydry l compounds indeed incr eased si gnificantly the anti-
sc histosomal effect iveness of SQ 18, 506 in vivo.
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TABLE I

E ffect  of pret reatment  with ,  and coadministration
of, SH compounds on the antischist osoma l
activity of SQ 18, 506 in mice infected

with S. mans oni

3 doses of SQ 18, 506 (ball milled and suspended in 20% Cremop hor
RH-40)  were adminis tered by gastric intubation at intervals of 8 and
16 hours.  SH compounds were  administered parenterall y 16 hrs prior
to the f i r s t  dose of SQ 18, 506 and theu simu ltaneously with this compound.

Expt. Unit dose SH Dose of # of % . %
of SQ 18, 506 compd. SH compd. mice reduction in parasito

mg/kg  mg/kg  worm numbers cures

- - - - 14 89 50
1 180

glutathione 4x400 i. p. 15 100 100

- -- - — - -  - 14 68 14
2 170

cysteamine 4x180 i. m. 15 98 87
16 63 12.5

3 160
g lutathione 4x400 i. p. 15 100 100

13 48 0

4 145
glutathione 4x400 i. p. 14 84 43

- - - - - - - - 15 0 0 ‘

5 130
cysteamine 4xl80 i. m. 16 73 12. 5

2. Ant ischis tosomal  activi ty of other nit r oviny lf ura ns

On the basis of the s t r u c t u r a l  and conf ormationa l fea tu res common to those

• n i t rofurans  which exhibit schistosomicidal  propert ies , a col laborative e f f o r t
w ith Dr. David Henry and Michael Cory of the Stanford Research Institute
was estab l i shed . This project consisted in the desi gn , synthesis and biolog-
ical evaluation of over 100 nitroviny lfuranes and related compounds. These
stu dies led t o fur ther elucidat ion of those s t r u c tu r a l fea tu r e s  favor able to
ant ischistosornal activity. The results  of these studies are reported in
Table II.
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Since many n i t rohe te rocycl i c  compounds have been repor ted  to be 1-nutagenic
and ca r ci n o genic (Cohen et al . , 3. Nat I . Cancer  Inst . 51, 403 , 1973 , Yaha g i
et al . , Cancer Research 34 , 2266 , 1974) the rnutagenic activities of those
ni t roviny lfurane s that  had marked ant ischisto somal  propert ies were  deter-
mined , according to Ames et al. - (Mut. Res. 31 , 347 , 1975), usin g Salmonella
t yph imur ium strain TA98 and TAIOO wi thout  and wi th  an added rat  live r
rn icro somal frac t ion  (Sq) ,  All compounds proved mutagenic. Ni t rov iny l-
fu ra nes wi th  an imidazole subst i tuent  exhibited the lowest ac t iv i ty ,  yet
even wi thin  this g roup  si gnif icant  mutagenic effects  were  detected , with
one Salmonella s t ra in  (TA 100) while  there was little or no mutagenic act ivi ty
wi t h anothe r strain , TA9S (Table III),

TABLE III

Mutage n ic activities of three an t ischistosomal
nitrovinylfuranes wi th  imidazole subs tituen ts

Compound moles Number  of revertants in
per plate of c ontrols

TA-98 TA-lOO
wi thout  wi th  wi thout  wi t h
SQ SQ SQ SQ

5 1 0 12(2. 4) (1,4 )
H— 36( SQ0 858)* 15 3 2 38(2 . 55) 23(1 , 7)

50 5 0 114(2. 3) 80( 1. 6)
5 2 0 16(3. 2) 13 ( 2 . 6 )

H-59(SQI1OI) * 15 5 3 50~3. 3) 4 2(2 5  7)
50 11 5 152(3 0) 117(2 .3 )

0. 05 0 3 8(160) 57(1 , 140)
H-l0l(SQ 1477) * 0 , 15 2 7 23(146) 156(1 , 040)

0. 50 0 12 : 74(148 ) 550(1 , 100)

*See Table II for  s t ructu ral and b olog ica l proper t ies  of t his compound.

‘ 
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3. Dissociation of antischistosornal from mutagenic activity of hycanthone
analogs

As reported previously, two chloroindazole analogs of hy canthone , a wide ly
used antischistosomal drug, have been shown to have littLe or no mutagenic
activity. In contrast to hycanthone , these compou nds failed to exhibit  he pa-
t oxic and ma li gnant cel l - t ransforming ac t iv i t ies .  Their  acute toxicity is
5 to 10 times lower than tha t of hycanthone . Fur the r  studie s of the anti-
schistosorna l activity of these two compounds showed tha t they are more
active than hycanthone when adminis tered  as a sing le ora l dose to mice
infected wit h Schistos oma mans oni. (Table IV)

TABLE IV

Antis chistosoma l activities of two chioroindazole
thioxanthene s administered as a s ingle oral dose

(gastric intubation) to mice infected with
Sc h ist osoma mansoni

N N (CH ) ‘N: (C H
2 2  2 5 2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5~~~~~~~~~~~~~
J

X Sing le or al Numbe r 3’~’
dose of reduc t ion parasitol . of mice
mg/ k g mice in number cures without

of worms hatching
eggs

[60 II 97 64 82
CH 3

80 13 67 0 69
16 0 14 - 100 100 100

CH 2 OH
80 12 98 82 100
160 11 33 0 27

Hycan -
thone 30 12 66 0 

‘
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Since the N-oxide der ivat ive of hyca nthone had 10 t imes lower mutagenic
ac t iv i ty  t han hyca nthone itse lf , the N-oxide derivat ives of the two chioro-
indazole derivatives have been prepared.

N-oxidation of the distal amino g roup  resul ted  in a marked re duct ion in
mu tage nicity.  In the case of the N-oxide of IA-4 both rnutagenici ty and
ac ute toxici ty  was reduced s ignificantl y, whi le  an t i sch i s tosom al ac t iv i ty
was unc hanged. According ly, the c hemothe rap eut ic  index of IA- 4  N-oxide
is more t han 12 time s hi g her tha n that of hyca nthone (Table V ).

TABLE V

Comparat i y e ant ischistos oma l and toxicological
proper t ies  01 two chloroindazole hycanthone analogs

and of the i r  N-oxide derivat ives

C ompound ED 50 / LD 50 / Compa rative LD 50
m g / k g m g / k g mutagenic

act ivi ty  ***) 50

Hycanthone 30 250 100 8 , 3

-

‘ 

1A 3  60 2, 500 5, 2 41 - 5

LA-3 N-oxide 15 700 0 .4  47

IA-4 30 1, 250 7.4 42

IA-4 N-oxide 30 3 , 500 1. 5 117

~~) Single i. m, dose producing ~~~~~~~ red uct ion  in the nu mber of w o r m s
in mice infected wi th  Schistosorn a mans oni,

**) Median single i. m. lethal dose for mice.
117c of mutant  colonies of a Salmone lla s train TA 1538 induced by the

sax -ne concentra t ion of hycanthone (0 , 025 u M / m i , )

~~~~
‘
~~) 

Chemothe rapeutic index.
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As in the case of IA-4 , IA-4 N-oxide is equall y act ive w h e n  a d mi n i s t e r e d
oral l y or i n t r a m u s c u l a rl y. A w el l - t o l e r a t e d  ora l p r e p a r a t i o n  of an anti-
schis tos oma l d rug  w o u l d  be p r e f e r a b l e  to a pa ren t e r a l ly administe red
f o r m u l a t i o n  not onl y because  of its reduced cost  bu t  a lso  because  of toxi-
colog ical considera t ions. Anal ysis of the m u s c u l a r s i te  in mice that had
been injected wi th  hycanthone revea led  the presence  of a number  of prod-
ucts  that  p e r s i s t e d  for  at lease 8 months in this t i s s u e . The quant i ty  of these
mater ia ls  gradual ly decreased  ove r this time period , indicating ei the r a s low
des t ruc t ion  or re lease  into the g e n e r al  c i rcu la t ion ,  Seve ral separate  c om-
ponent s of this de pot are  recognizab le  by t h i n - l a y e r  c h r o m a t o g ra p hy of the
ex t r ac t ed  depot.  None of the components was identical  wi th  hycanthone ;
one has been identified as the dimer of hycanthone ; and the mutagenic
ac t i v i t y  of another  was 3 time s as hi gh as that  of hycanthone .  Slow re lease
of such  a component mig ht be related to the hepatocarcinogenic  e f f e c t  of
h ycanthone in mice infected w i th  Schistosoma mansoni (Haese et al .,
3. Pharm. Exp. Ther, , 136 , 430 , 1973).

Thioxanthenes have been considered to have no ant ischis tosomal  p rop hy lactic
activities, Therefore , it is noteworthy that high doses of LA-4 N-oxide are
ef fec t ive  in e l iminat ing the development  of the infect ion when  admin i s t e red  one
hour  p r io r  to , or one day afte r , exposure  of mice to ce rcar iae  (Table VI) .

TABLE VI

Prop hy lactic e f fec t s  of sing le dose of IA-4 N-oxide in mice
exposed to 100 ce rcar iae  1 h o u r  a f t e r  or one day be fo re  t reatment,

The nu mber of adul t  w o r m s  a re  de te rmined b y a u t o p s y  of the mice
60 days af te r in fec t ion  w i t h  c e r c a r i a e .

Time of Number  of Dose Route  % reduc t ion  ~ of mice
t r e a t m e n t  t reated m g / k g in number  w i t h o u t  w o r m s

mice of w o r m s
14 400 i. m . 100 100

1 hr p r io r  12 400 oral 100 lO G
to exposure  11 200 i . rn, 100 100
to cercar iae  14 15 0 i. sri , 35

15 150 o raL  98 37
q 80 i. m. ~ 3 11

12 400 i. m. 100 100
24 h r s  af te r 16 200 i , m.
exposure  to 15 2 00 o ra l  100 100
cercariae 16 150 i , m . 04 75

17 150 i .m . 00 7 1
12 30 i , m ,  52 50

~ 
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4 . Metabo l i sm of IA-4 and of IA-4 N-oxide

An e f f o r t  has been made to t r a c e  the metabol ic  fats  of two hycan thon e
analogs , the  chloro indazo les  IA — 4 and IA-4 N-oxide ,

A s y s tem  was developed fo r  solvent  ex t rac t ion  of IA-4 and of its meta-
bolite s f r o m  t i s sues , The method consis ts  of homogen iz ing  the t i s sue  in
fou r volume s of bo ra to  bu f fe r (p H 9. 4) in a g lass h o m og e n iz e r , adding
10 volumes  of a solvent  mix tu re  (2 5 %  cidhloromethane and 75% buty l
chlor ide)  and mix wi th  shaking fo r  30 minutes .  Af t e r  low speed cen t r i -
fuga t ion  (500 rpm for  5 m i n u t e s )  the organic  p hase is removed wi th  a
pi pette . When  the phases don ’ t separate w e l l , r e - e x t r a c t i o n  wi l l  improve
the yield of the solvent phase,

When IA-4 is adde d p r io r  to homogeniza t ion  it can be recovered
quantitatively ,

If it is n e c e s s a r y  to remove li p id contaminants , the aqueous  homo-
genate can be ext rac ted  wi th  hexane p r io r  to the ch lo r ina ted  hydrocarbon
extract ion. Apparent l y, hexane was  not to remove any d r u g - r e l a t e d
mate n I .

Af te r  adminis t ra t ion of IA-4 to mice the l ivers of these  animals
contain  large amounts of t h r e e  me tabolite s and smalle r amounts  of at
least  two o the r s . Hi g h p r e s s u r e  li quid c h r o m a t o g r a phy us ing  a pe ll icular
si l ica column (2. 7mm X 50 cm packe d w i t h  Vy dac approx.  3 0 u )  and a
mixtu re of methanol  and d ichioromethane  (1, 5% to 10 . 5% methanol  in a
l inea r  g rad ien t  for  15 ml at 2 m I / mm ) as e luen t  has prove d qu i te  e f f i c i e n t
fo r  separa t ion  and analysis  of this  m i x t u r e,  The ex t rac t  is r educed  in
volume by evaporat ion unde r N 2 and the concentra ted ext rac t  is in jec ted
on the column 5 u l  to 25 u l  at a t ime . Since t h e s e  metaboli tes degrade
readi l y to very  polar p roduc t s  on e x p o s u r e  to a i r  it is impor tan t  not to

~lr~’ the sample comp lete l y. In fac t , any concent ra ted  extract  must  be
di lu ted  fo r  s t o r a g e .  Samples s t o r e d  even in low concen t r a t i ons  at 4

0 C
or at -3 5°C a re  not s table  f o r  more  than a few days ,

The c h r o m a t o g r a phy of ex t rac t s  of t i s s u e s  and w o r m s  f r o m  IA-4
t r e a t e d  mice readi l y reveals  the d rug  and t h r ee  m e t a b o lj t e s ,  These  have
been i so la ted  and mass spec t ra  cons i s t en t  w i t h  the fo l l owing  s t r u c t u r e s
w e r e  obtained .

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---~ —- -‘ - - - -- -— SmillI~
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M e t a b o l i t e s  of LA -4  and of IA-4 N-oxide in mice
N NCH CH2’ -CH •CH3

a 

2 

R2 

2

Metabolite 
R
1 R1 R2

A Dese thy l IA-4 CH 2OH H

B Des cxth y l IA-4 aldeh yde CHO H

C IA-4 aIde hy de CHO CH 2. CH 3

Two and a half hours  a f te r  ora l a d m i n i s t r a t i o n  of 375 mg / k g of IA-4 all
metabolite s in the l iver r each this hi g hest  leve l. Thereaf te r , the leve ls
g radua l ly decline w i t h  small amounts  remaining even af te r 20 h o u r s .
The level of the parent  compound is maximal a f t e r  about  4 hou r s .  At
maximal leve l , n-~ tabolite A reache s about  120 u g / g of t i s s u e  (wet  wei g h t ) ,
rnetabolite B 100 u g / g  and C is p resen t  at about 20 u g / g ,  The IA-4 i t se l f
reaches  a level of about  40 u g / g .  Othe r t i ssues , in pa r t i cu l a r  peri phe ra l
blood , heart  kidney and sp leen , y ield m e a s u r a b l e  amounts  of these meta-
bo li tes,  The re la t ive  amounts  of each metabolite and the time course  of
the levels in these  t i s sues  w e r e  simila r to those in the liver wh i l e  the
actua l concentrat ions are approximate ly an order of magnitude lower .

Al thoug h the levels  of metaboli te s , A , B and C a re  very low ( in
the order  of 2 u g / g)  in mouse blood , this  low levei  decays slow ly.
(Half life 20 h o u r s )  Onl y t r aces  are found in the s e r u m  f r ac t i on ,
the cells containing nearl y the ent ire  amount p resen t  in blood. It would
thu s appear  that IA-4 and its metaboli te s are taken up by the w o r m s  as
a consequence  of t he i r  ingest ion of red blood cel ls,

U s i ng  a slig htl y d i f f e r e n t  ex t rac t ion  techniques , live r t i s sue  yielde d
anothe r c omponont which  is cha rac te r i zed  by rela t ively hi gh polar i ty ,
This component P fails  to migrate  on TLC developed wi th  75 % me t h a n o i / 2 5%
dichlo romethane . Component P contains at least  2 d i f f e r e n t  metabol i te s
w h i c h  so far  have not been resolved .

The antis chistosomal effectiveness of LA-4 N-oxide is equal to tha t
of IA-4 , whi le  it has much  lower  me tagenic  a c t i v i t y  than IA-4 . When
the same dose of IA-4 N-ox ide  ( 3 7 5  m g /k g)  was administe red to mice ,
the same metabol i tes  A , B , and C in the same a b s o l u t e  as we l l  as re la t ive
amounts  w e r e  found in the l iver  and the level  v e r s u s  t ime c o u r s e  was

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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s i m i l a r .  However , nei the r LA-4 N-oxide nor IA-4 itself could be detected.
Anothe r d i f f e r ence  was a much  reduced level  of component P whe n IA-4
N-oxide was administe red . The lower  mutagenic  act ivi ty of IA-4 N-oxide
s u g g e s t s  tha t c omponent P may be respons ib le  fo r  the mutagenic  ac t iv i ty .

Studies  of the metabolic p roduc t s  of IA-4 were  extended to the i r
de terminat ion  in both  male and female  sch i s tosomes  fol lowing oral admin-
i s t r a t ion  of IA-4 to the host . While maximal levels in host  t i s s u e s  w e r e
reache d a f t e r  2 - 1/ 2  hours , the levels of the drug  and the three  metabol i tes
were  st i l l r i s ing in the worms  af te r  16 h ou r s .  Maximal  levels w e r e  found
about 42 hours  a f t e r  oral  admin i s t r a t ion  of IA-4. These levels  reached
levels w hich , on a per g ram basis , w e r e  much  hig her  than any observed
in the host For example, the diethyl IA-4 aldehyde in female w o r m s
ave raged 430 u g / g .  High  leve ls remained even a f t e r  96 hours .

On the ot her hand , the relative amounts of the drug and its metabolites
w e r e  s imilar  in host and paras i te  t i s sues , both d ie th y l compounds being
10 to 20 time s more abundant  than the drug  or its aldeh y de. When IA-4

N-oxide was admin i s t e red  to the host , no t race  of IA-4 or the N -oxide
could be found in the w o r m s  al thoug h metaboli tes A , B and C w e r e  p re sen t
at levels simila r to those found  a f t e r  the same dose IA-4 . Since the
parent  compounds have li t t le e ff e c t  on the worms in v i t r o ,  one of these
compounds mig ht be the active ant ischis tosomal  me tabol i te .

There  were  no si gnif icant  d i f f e r ences  in the concentra t ions  of IA-4
or of its metabol i tes  in hycanthone— suscept ib le  and hycan thone-r e s i s t an t
s c h i s t o s o m e s,  Since the latter are comp letely c r os s - r e s i s t a n t  to IA-4 ,

this type of d rug  resis tance cannot be ascr ibed to d i f f e r e n c e  in the uptake
of the drug  and of its metaboli tes be tween  hycanthone - suscep t ib l e  and
hy c a n t h o n e- r e s i s t a n t  s ch i s tosomes,  

~~~~~~~~~~~~~~~~ ~::-L:_ :,L_ _ 
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5. Mutagenic  act ivi t ies  in v i t ro  and in vivo of 5 an t isch is tosoma l compounds

Five ant ischis tosomal  compounds - hycanthone , two of its chloro-
indazole analogs (IA-4 and IA-4 N-ox ide ) ,  oxa rnniqui ne , and met rifonate -

were tested for mutagenic activity, using Salmonella typhimurium strains
TA 98 and TA 100 unde r in v i t r o  and in vivo (host-me diated) conditions .
In all a s s a y  systems hycanthone exhibite d for  far  the hig hes t  mutagenic
potency. Although oxamniquine and metr i fonate  had low mutagenic act ivi ty
in v i t ro,  and al thoug h thei r  admin i s t ra t ion  resul ted  in ur ine  of low mutagenic
act iv i ty ,  the i r  hos t -media ted  mutagenic  activit ies on s train TA 100 we r e
fa i r l y hi g h . Conf i rming ear l ier  s tudies  wi th  a less sensi t ive Salmonella
strain , TA 1535 (Hartman et al. , 1975 , Hulbert et al . ,  1974), IA-4 N-oxide
was found to be less mu tagenic than IA-4. Orally adminis tered  IA-4 and
IA-4 N-oxide were  less mutagenic unde r in vivo c onditions tha n an equal
dose administered intramuscu larl y, By contras t, the antis chis tos  oma l
act ivity of a g iven dose of each compound was the same , re ga rd less  of
which of these two routes was used , suggest ing that mu tagenic and anti-
sch istosomal ef f ects ar e pr oduced by d i f fe re nt metabolites. The observa-
tions reported in this repart provide additional evidence that mutagenic
activities can be dissociated f rom desired chemotherapeut ic  e f f ec t s  by
suitable structural modifications .

McCann et al, , ( 1975) and McCann and Ame s (1976) have shown tha t
most known carcinogenic compounds exhibit mutagen ic  effects on certain
strains of S. ty-phirnuriu m. Conversely, few compounds found to be non -
carcinogenic exhibited mutagenic activity.  Be cause of this close correla-
tion the resul ts  of mutagenic assays provide a hi g h degree of probabi l i ty
in predict ing carcinogenic act ivi ty.  While bacter ia  lack many enzymes
catalyzing the metabolism of d rugs  in mammals , carcinoge nic metabolites
can be detected (a) by adding liver microsomes in vitro to the bacteria
incubated with the test  substance (Ames et al , ,  1973 , 1975 ; Mailing , 1971),
(b) by the incubation of bacteria in the peritoneal cavity of animals to wh ich
the tes t  substance has been adminis tered ( Legator  and Mailing , 197 1), or
(c)  b y determination of the mutagenic activity of the ur ine  of these animals
( Gabrid ge et al .,  1969; Cornmoner et al . ,  1974; Durston and Ame s , 1 , 74) ,

Approximatel y 2 00 million human subjec ts  are infected with schisto-
somiasis. With a popu lation of this magnitude , the need for an evaluation
of the mutagenic and carcinogenic potential of available antis chis tosomal
d rugs  is evident. Durin g the past 6 years  ove r one million human subjects
infected with Schistosoma rnansoni and Schistosoma hematobium have been
treated wi th  the thioxanthene derivative hycanthone . This drug  is a potent
mutagen in submammalian and mammalian cells (Clive , 1974 ; Clive et al , ,
1972; Green et al . ,  1973a; Green et al . , l9 73b: Ha:tman et a l , , 1 73:
Hartman et al., 1975; Hartman et al., 1971; Knaap and Kr amers , l°7 3;
Lee , 1973; von Bor ste l and Quah , 1973; for  a review , see Hartman and
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Hulber t , 1975) and has been recommended as a reference  compound for
a variety of mutagenic assay systems (Drake , 1975). In addition ,
hycanthone has been reported to be te ratogenic (Moore , 1972), to induce
malignant t ransformat ions  (Hetr ick and Kos , 1973), breaks in double -
strande d DNA (Sarma et aL , 1976), and hepatocarcinomas in mice infecte d
wit h Schistosoma mans oni (Haese et al . ,  1973; Haese and Bueding,  1976).
While there  is some evidence that in a variety of systems mutagenic
activities of othe r antischistosomal compounds are lower than those of
hycanthone (Clive , 1974; Hartman et al . ,  1973; Hartman et al .,  1975;
Hulbe rt et al, , 1974; Kramers  and Knaap, 1975; Meadow s et al . ,  1973;
Ray et al .,  1975; von Borste l  and Quah , 1973), a more detailed comparison
usi ng two sens itive tes ter  strains , unde r both in vi tro and in vivo condi-
tions , would  provide an evaluation of t he mutagenic and carcinogenic
potential of eac h of these compounds . Using S. typhimur ium strains
TA 98 and TA 100 developed by Ames et al . , (1975) the mutagenic activi-
ties of five antis chistosomal drugs , hycanthone , oxamniqu ine , met rifonate ,
IA-4 and IA-4 N-oxide ( s t ruc tu re s  in Fig. I) ,  unde r in v i t ro  and in vivo
(host-mediated) conditions , have been determined. Dun ng the past
3 years the effectiveness of the organic phosphorus compound metri-
fonate in t he t reatment of infe ctions caused b y Schistosoma hematobium
has been reported (Davis and Bailey, 1969; Forsyth and Rashid, 1967;
Gentilini et al . ,  1973; Hanna et al . ,  1966; Niemandt and Murahwa , 1975;
R edd y e t al . ,  1975), M or e r ecently,  a nu mber of clinical investi g ations
have reve aled that orally administered oxarnniquine is as effective as
intramu scu la r ly injec ted hycanthone in infections produced by Schisto-
s oma mans oni ( Blair and Weber , 1975; da Silva et al . ,  1974; da Silva
et al. , 1975; Katz et al .,  1976; Koura et a!. , 1975; Ongom et al . , 1975;
Stongok et al .,  1975). The antischistosomal activities in mice of IA-4
and IA-4 N-oxide , two chloroindazole analogs of hyca nthort e , a re similar
to t hat of t he latt e r (Blai r and W eber , 1975; Bueding,  1975; Huibert et al .
1974), but t hei r mutage nic and other toxic propert ies  are considerably
lower (Bueding, 1975; Bueding et al,.,  1973; Clive , 1974; Haese et al , ,
1973; Haese and Bueding, 1976; Hartman et al . ,  1973; Hartman and Hulbert ,
1975; Hartman et ai , ,  1975; Hetrick and Kos , 1973; Hulbert et aL , 1974;
K ramers and Knaap, 1975; Lucier et al. , 1973; Meadow s et al . ,  1973;
Sa u r o  and Green , 1973; von Borstel  and Quah , 1973).

S.  typh imur ium cul tures  of TA100 and T A 9 8  (McCann et al ., l°75b)
were  obtained from Dr. Bruce Ame s and f rom Dr . Phili p E. Hartman.
These cul tures  were  reisolated fortni ghtly on nut r ien t  agar  plate s ( D i fco )
containing 30 u gm ampicil lin . The isolates were  checked for  sensi t ivi ty
to UV li g ht , toxic ef fects of crystal  violet and mutagenic ef fec ts  of hycan-
thone , and were  s tored in ti g htl y capped ha l f -dram vials at -80 °C in ~~~ DMSO
nutr ient  broth . Multip le samples were  made of each cul ture  and each via l
was discarded af ter  a sin g le use.  All assays were  per formed with an ove r-
ni ght cu l tu re  of re isola ted  s t ra ins  g rown in double s t r e n g t h  nut r ient bro t h
(16 gm Difco Nutrient Broth  and 3 gm NaC1 per l i t e r ) .  Cu l tu re s  were  kept
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at 4°C unt i l  used. All assays were  run wi th  standards to check back ground
nutation rate s , bacte rial population size and sensi t ivi ty  to mutations in the
pr ese nce of hycanthone (ug per ml). All assays were  run on Vogel-Bonne r
E agar medium (Vogel and Bonner , 1956) supp leme nted w ith 2. 5% nutr ient
br oth , 1% g luc ose and 2mM biotin.

It vi t ro  assays

The growth  inhibitory activity of each drug was dete rmined b y g rowing
Salmonella TA100 on agar plate s in the presence of added 6 mM histidine with
vary ing concentrat ions of the compound. The percentage survival  was dete r-
mined afte r incubation at 37 °C for 43 hours .  In the subsequent  in vitro
mutagenic assays , the maximal concentration used did n ot exceed t he one
producing 10% growth inhibition. Three , ten, and, whenever indicated ,
th i r t y time s lower concentrations were  used  also .

Mutagenic assays were  carr ied out with and without  added S9 (micro-
somal) f rac t ions of phenobarbital t reated rats as described b y Ames et al. ,
(1973 , 1975). With the compounds used in this stud y metabolic activation
wi th phenobar bital induction was eit her equal to , or grea ter t han , that
observed wi th Aroclor- induced microsomes .  All drugs were  dissolve d
initially in DMSO. The fina l DMSO concentration of control and d rug -
containing plate s was adjus ted to 0. 1 ml pe r 15 ml of medium. Plates
were counted after 48 hrs.

Host-mediated assays

Host-mediated assays were  per formed b y methods s imilar to those
descr ibed by Legato r and Mailing (1971). Overni g ht bac te r ia l  c u l t u r e s
were  diluted 4 - fo ld with 2X nutrie nt b ro th  and were  reincubated at 37°C
for 2 hours .  Two hours  prior to administration of the bacteria , drugs
we re administered , eit he r b y gastric intubation or in t ramuscular ly.
Five 6- to 3-week-old female mice (mixed Swiss-Webster , CF-I , Char les
River )  were  used for each dose level. 2 ml of the cul ture  was injected
int raperi toneally. After 6 hrs  the bacte ria were  retr ieved f rom the
peritoneal cavity by the injection and removal of 2 ml of 0 . 85% NaCl .
These exudates were  plated to determine the numbe r of revertants and
a 1:10 (Clive , 197 4) se r ia l  dilution was plated with 0. 2 ml adde d nutr ient
b roth to determine the number of viable bacteria . Plates were  counted
a f t e r  48 hrs  of in cubatio n at 3 7°C and resul t s  were  expressed  in terms of
revertants per million bacteria.

U ri n e analysis

Five fe ma le mice were  p laced into a metabol ism cage an d con t ro l
u r ines were  collected on ice for  24 hour s .  These animals were  then
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treated with a g ive n dru g and urine was collected in ref r igera te d containers
for the two subsequent 24-hour  periods . The volume of the urine was
measured and the urine was stored at -80°C until assayed.

U rine specimens we r e t hawed , cent r if u ged at 10 , 000 X g for  15 mm .
and steri lized by filtration through a . 22 urn Millipore fi l ter . Ef f e c t s
of 0. 1 and 0. 25 ml aliquot were  tested on strains TA98 and TAIOO wi th  and
without added S9 microsornal fraction. Plates were counted after incuba-
tion at 37°C for 48 hours. The dose response at these two urine concentra-
tions was used to calculate the number of revertants induced by the total
volume of urine excreted in 24 hours. In orde r to determine w het her some
mutagens were present as inactive urinary glucuronate or sulfate con-
jugates , aliquots of the mouse urine s were incubated for 3 hrs at 37°C
and pH 4 with beta-glucuronidase (12. 5 m U per ml urine) - arylsulfatase
(6. 25 m U per ml urine) (Boehringer). Aliquots of this mixtu re were
tested after adjustment to pH 7 in the absence and the presence of the
S9 fraction.

Antischis tosoma l activities

Antischistosomai activities of hycanth one and of its two chloro-
indazole analogs (IA-4 and IA-4 N-oxide) were determined and expressed
as previously described (Bueding et al .,  1973).

Antischist osomal compou nd s

Hycanthone was kindl y su pplied b y Dr. S. Arche r , rn etrifonate
by Dr. R. Gonnert, oxamniquine by Dr. R. Foste r, and IA-4 by Drs .
E. Elsiager (Elsager , 1970) and F. de Serres. IA-4 N-oxide was
pre par ed as repo r ted previously (Hulbe r t et al . ,  1974) .

In vitr o mutagenic assays

In agreement with observations of Sug imura 1) al l five compounds had
mu tagenic ac t ivity in vitro. There was a linear dose response wi th in  the
range of drug concentrations tested. The mutagenic response of s train TA93
to IA-4 N-oxide represented the greatest deviation from linearity.
Metrifonate had the lowest , and hycant hone had bj  f a r  the hi g hes t  mutagenic
activi ty (Table VII) . Rat liver rrt icrosornes enhanced the mutagenic activity
of IA-4 and IA-4 N-oxide on strain TAIOO , but had little or no e f f e c t  in
a ltering the mutagenic effects  of the othe r drugs  on either of the two strains
of S. typhirnu rium. In agreement with earlie r studies using a less sensitive
strain, TA1538 (Hartmnan et ai . ,  1975; Hulbert et al. , 1974), it was found
that the mutagenic activity of IA-4 N-oxide was significantly lower than that
of IA-4. Oxamniquine was 2 times more mutagenic than IA-4 N-oxide when
strain TA100 was used but was equally mutagenic on strain TA98 (Table X).
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TAB LE VII

Mu~ a~~~r~~c a ~ r i t i - 2 s of  ~ a ~~.sch ~~s~ oscr-’a1 o o r ~~ ounds  cri .~~~~~ 
‘-

~~
‘

~~~~
‘ - -

~~~~ s:
- .~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -

T - i — I J O  :—o ‘ - —~~~~~. ~~~~~~~~~~~~~~ :i ~~~~~~ a u i _ :~-c~~: aooeo ra t  _ _ z ~ r cro~~o - a_  5 - r a:~~-:-
( S 9 ) .

Nwnbers ln pa ren the ses  1nd~.cat e nu ibers
of rever~ ar.ts per n~~c1e.

Number of revertant s  th excess of corh -~rc !s

Ccripcurt d m oles per pla :e TA — l O C T A—9 ~~~
____________ ______________________ 

w~.;hou : S9 ~-r~.th ~~ r~ :~.c-~: ~9 ___________

25 - 3 9 6 ( 1 5 . 8)  3 9 9 ( 1 6.0 )  3~~~~~1( 13 .6)  3 c 9 ~ 1 2 . -~.
Hycanthone 

5 817( 16.3)  815( 16.3)  663( 13 .5)  6 2 5 ( 1 2 .~~
100 1,609( 16.1) 611(l6.l) ~~71(13.7) .2 ( . 2 . ~~

351 .~ 51(.lL~0) 6 1( .169)  6 5 ( . 17 3 )
Oxam — 1,092 162( .i ~ 3) 173( .163)  201( . 18~~ 51( . 33~
niquine 575( . 1J.8) ~6 U ( . 1S8) 5 12 ( . 1 6 3 )  ~4 i ( . 1 2 L ’ I

3L4 00 ~4 9 ( . 0 1~4 )  37( .0 11)  6 2 ( .0 13
Metrif— 1Q,200 . 1 5 3 ( . 0 1 5)  1~~2 ( . C 1 ~~) : 3 9 ( . 0 1 9)  :82~~. -::~~

-
onate -

3,1-1000 36~-( . 0 1 l)  3 U 9 ( . 0 1 O )  5~’8( . C 1’7 )

155 2L~(.153 ) ~4 3 ( . 2 75 )  ~3 ( . 2 5~~)

IA—4 L~~55 72 ( . 1 5 5)  1 2 3 ( . 2 8 ~-~) 12 - ( . 2 4 ~~ 1 ( . 2 - 9 ~-~
1,550 2 0 9 ( . 13 5 )  3 9 8 ( . 2 5 8 )  39~~( . 2 5~~ ~1 O ( . 2 5 5 .

i6~4 7( . -o~ 3) 15(.091) 23(.1~ O )  2~~(.1~ O
IA-4 - - -

N— oxide 4 9 2  1 3 ( .0 3 f l  ~~~~~~~~ :3( .:, 2 :-~
i,6~ o 5 8 ( . O : 5 )  ~~ .l ?- ~ .3~~( .1:2~ 2 - -7 ’ . 2 ~

4 Sccn ~ ar~eo~ts ~~~~a:~.or. b ao k z rcu n~ a rera~ e~ ~~ 2 a~~ 2 3 r rertar.:s pe-
for  TA— ~~~O a~ d TA — 9 8 respec :~~ie . y .

~~~~~~ ~~~ La~~~~~~~~~ 
~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~ 
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TABLE VIII

I .? .  Ho st Med±at-3d ‘-a’ a~rer~.c
of 5 ànt c s:cso: ~c~:our.~~

- Ac~ tv~.t~ es are expresse d ~.ri ~‘.umber of rever~ an ts per
100 5act~ r~a ~r. excess o:’ controls. - Standard errors
of the oean are ~~‘ien ~n ~aren:heses. Control leiels
were 0.63 (~~.05) and 0.10 (~~.03) for TAIOO ar.d TAS3resoect~ ve~~r .

Cor~.pc~.tr’.a ~ou;e a: ~iose TA 1~ -~
_______________  

Ad~~ n ____________  ____________________  _______________

~:-~ycanthcne ~.m. 100 14 .52(+.30)

i..m. 20 1.33(~~.12 )  1.3L ~( + .13~ I
0xa~~~ ou~ne oral 2 0 0  . 83 (+ .0 6~~~

oral 100 , L~3(± . O 7 )  N S5
oral 50 .23(~~.0i~) N34

oral 200 1. L~2 (± . 1 1)
oral 

- 

100 .79(~~.09) NS4

oral 50 . 2 9 ( ± , . 0 6)

:A— ~ ~ .rn. 100 1 . 06(± . 12 )  1.3” (± .l l)

oral ~00 .62(±.C6) 1.37(± . .~~~ )

oral 100 .2 9 ( ~~.Cfl  . 2 0 ( ± . C 6 )
_______________  — 

~..nl. 100 . 7 6( ~~ . C 3 )  . 3 2 ( ~ .. 0 )
I oral L~0C .1C .02)~~~ .32~~~.09~

S oral - 
100  - :-: s~ NS~

~ No s~~ ri~ftcar.t d~ fferer.oe fro~ con orc is
P .05

~~~~ p=  .02 

.-... - [J . - . -~~~ 
--- - - 5--

~~
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TABLE IX

Nu~ -a~ entc act~~i~~ s of ~he ur ines of ~~ ce treated with 5 an h± ost’-~~c c t r o - :  tte oreserce and aosence -of a ra t  li ror ~ ± c r c s - c n e  fr ac : t :~ - -
Figures indicate n’~nber of reve r tant s  in excess of cont rols oer total

___________ 
daily urine excreted by one mouse -

pound ?~cut ~ c:’I Ocse TA 100 ______________________________

Ad~~~r. ~~/ k ~ Day 1 I Dai 2 Da’T 1 Da—
1_ t ” OLt  n lt l ;~.;-~c-~: 

r _ ;~ -1 i .~~~~~~~~~~~~~~-. i_ :- ’  _ t—o .: -
~~~~

___________ _________ ______ S9 S9 50 59 S? _________________

100 868 650 550 205  625 3500 l~~-0

i .n .  20 268  221 183 36 22 9 6~~~j 
33 H 2 6 2

cra 200 33 10 27 0 1~4 8 I 2

~~~~ ine ora 100 25 12 0 0 7 3 C- -c-

oral  200 72 ~-5 12 13 7 3 3
Metrif -
onate oral 100 ~1 37 5 7 0 0 0

100 
- 

210 89 69 61 1:3 6 23 1:

IA— 4 oral ~00 320 182 63 63 2~~6 29 100 6

cra . 100 I 120 72 70 79 1~ -

N oxide }Cra l~~~~

- 

~~ ~~~ -~~~~~~~~~~~~~

oral 100 79 62 37 0 29 6

~~~~~
— 5-
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TABLE X

R ela t i v e  mutacen ic act iv i t i es  of S an tj s ch i s t o~~cnal d :’ics
in  ‘r .~~ ‘—r) and ~~~~~ vc

Per cen t of mutagenic a c t i v i t y  of hycanthone
Ur~ ne fi~:m

Ccmpound 1 2 drug treated
In v i t ro  - Host mediated - 

- 1 2 3— m~ ce
TA 100 TA~~~~~ TA 100 L~~~~ 0.-k 100 L-~~~

Hycanthone 100 - 100 100 100 100 100 
- -

~

0xa~imiquine 1.01 1.3 9 .5 0 1,7 .03

Metrifcr.ate  .08 .13 17 .5 0 3 .2 0

IA-4 - 1~ 69 2 .03 2 .7 13.4 1.11

LA-4 N-oxide .58 .99~ 0 0 8 .1 I ~~~~~~

— 
_____________________________________________________________________________ _____________________________ 1! —

1) If the addition of rat  liver mic:oscmes resul ted  in an increase
in the number of rever tants , the 1att ~~r f i gure was used in t h i s
tabulat ion ,

2)  The values are based on the mutagen±c ac-tivity resu1tir~ç doom
adminis tr a t ion  to mice of a thera~ eu-tic dcse of 100 mg/~-~.g .
Hycanthone was administered I ,M .; the other conDound s . o r a lly .

3)  Based on the number of rever tants  in excess of c o n t r o l s  incuced
by zne total  volum e of urine excreted ~er mo use during 43 hours
following drug administration .
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TABLE XI

- AntischIstosonal activities and acute to~icioies of

hvcan thor.e and bf two of its ch!o~ oindazole analocs

in mice infected w ith  a Puer to  Rican of

~~r h ’  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

Figures indicate per cent reduc :icr. in the number of
wo~~m s ;  fi gures in parentheses indicate pe :cenzaçe ~f

mice wi th  paras i to log ical cures ,

_ _ _ _ _ _ _ _ _ _ _ _  

Route  Hv canthon e  IA-4 ~ k-4 N-oxide

LD5,O ( i • m~ 253 1.250 3,500
(mg /k ;) —

Dose
(mg,- ’~ g) 

___________ ________________ ___________-

ao i b m , 92(22) 89~ 20~ 94(32)

oral 
- - 
66(0) 94(34)

60 L ,m . 88(14) 3 4 ( l d )  3 6 I ~~ 1)

60 oral ss ( o )  g 1(so ’~ ;:(ss)
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Hos t -media ted  a s say  (Table VIII) .

A gain , hycanthone was b y f a r  the most  potent mutagen ic  compound .
Oxamniquine and metrifonate were considerably more mutagenic wi th
TA100 in this assay than in v i t ro ;  wi th  TA9~~~ li t tle or no mu tagenic a c t i v i ty
was observed. By contrast , IA-4 N-oxide and , to a lesser degree , IA-4
had much lower act ivi ty in vivo tha n in v i t ro .  In fact , when a therapeuti-
call y e f fec t ive  oral dos e of IA-4 N-oxide ( 100 m g / k g)  was us ed , no muta-
genic ac t iv i ty  was detectable on e i ther  s t ra in .  It is of inte rest that LA-4
and IA-4 N-ox i de  adminis tered in t r amuscu la r l y are  4 t imes as mutagenic
as the same dose g iven orall y.

Mutagenic  activit ies of u r ine  f rom ani mals t rea ted  wi th  an t i sch is tosomal  drugs

As was the case in the othe r assays , hycant hone adminis t ra t ion produced
ur ine  wi th  the hi g hest mutagenic activity (Table IX) . F u r t he r m o r e , hi g hl y
significant increases  were  noted when urine f rom hycanthorie- t rea ted  mice
was tested wit h TA9B in the presence  of microsomes . Adminis t ra t ion  of
oxamni qui ne and metri fonate  gave rise to ur ine  containing less mutagenic
activi ty than the specimens follow ing the adminis t ra t ion  of IA-4 N -oxide .
Treatment  of the ur ines with beta-g lucuronidase  and a ry l su l fa tase  produced
no increase  in mu tagenic activities ove r and above those observed wi th  the
microsomal (S9) f ract ion . Consis ten t  wi th  the in v i t r o  and hos t -media ted
assays , administrat ion of IA-4 N-oxide gave r ise  to a ur ine  of lower
mutagenic activit y than that of IA-4 . As seen in the hos t -media ted  assay ,
in t ramuscula r administr ation of LA-4 and its N-oxide analog r e su l t ed  in
grea te r  mutagenic  activity than adminis t ra t ion b y the oral rou te .

While hycanthone proved to be b y far  the most  potent mutagen in all
three  type s of assays , t he relat ive mutagenic  ac t iv i t i es  of the other  fou r
compounds var ied  considerabl y depe nding on the na tu re  of the assay
( Table X) .  In vi t ro ,  met r i fonate  is the least mutagenic , while , in the
host - mediated assay ,  IA-4 N-oxide exhibits  the lowest  muta genic i tv ;
in fact , wi th  t his compound mu tagenic act ivi ty was not detectable wi th
an or al dose whose schistosomicic lal  activity is of a hi g h orde r . Oxamni-
qu ine  gave rise to u r inary  products  of lower  mutagenic  potency than tha t
of any of t he other schis tosomicides  tes ted.  Hence , a co mplete evaluation
of the mut ag enic pote ntia l of a g iven compo und r equ i re s  the use  of several
assa y p rocedures .

Comparative ant is  chis tosomal  act ivi t ies  of hycanthone  and t~ o of its
chior oindazole ana logs

R e s u l t s  r ecorded  in Table XI indicate that  in mice h v c a t h o n e , IA-4
and IA-4 N-ox ide  a re  equi potent as sch is tosorn ic ide s ‘-vhe~~~idn ~’n i s t e red
i n t r a m u s c u l a r l y. Howeve r , when  the same u nit  dose is a d m i n i  ste r cci
- r a i l v , h ycanthone  is less effect ive , whi le  both c h i u r o  -~~-~~.: ~~~ - ana lo2s
n1 ;LL n t a ~n the i r  activity.  It is no tewor th y that the a c u t e  tox i c~tv  sin ~~ie
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i n t r a m u s c u l a r  dose)  of hycanthone  is f ive or more  than 12 t imes  hi g her
than that of LA-4 and IA-4 N-oxide , r e spec t ive l y.

h i  ttii s stu dy we have compared the mutagenic  act ivi t ies  of f ive anti-
schis tosomal  compounds in vitro as wel l  as under  two in vivo condit ions .
Conf i rming  ear l ie r  s tudies  (Har tman et al .,  1975; Hulber t et al . ,  1074) ,
it was found that N-oxidat ion of LA-4 reduces  mutagenic  ac t iv i ty  both
in v i t ro  and in v ivo , whi le  ant i sch i s tosomal  ac t iv i ty  was  maintained.
The in t ramuscula r adminis t ra t ion  of ei the r LA-4 or IA-4 N-oxide revealed
fou r t imes h ig her  mutageni c act ivi ty  than the ora l  adminis t ra t ion  of the
same dose.  Yet , th e an t i schi s tosomal pot encies  of th ese two com poun ds
w e r e  equa l w hen adminis tere d a t th e same do se b y ei the r of these  two
r ou tes .  This provide s addit ional  evidence that mutagenic  and schisto-
s omicidal e f f ec t s  can be dissociated f rom each other .

While wi th  Salmonella s t ra ins  TA100 and TA°8 s t rong ly posi t ive
mutageni c e f fec t s  were  observed in the hos t -media ted  assay  fol low in g
the adminis t ra t ion  of hycanthone , Ray et al. , ( 1975) repor ted  negat ive
resu l t s  us ing the same in vivo assay,  but  a d i f f e r e n t  teste r s t ra in , TA 1534 .
Such r e su l t s  could be ascr ibed  eithe r to a much lower  sensi t iv i ty  of this
s t r a in , or to too sho r t  an exposure  of the hos t to the drug (2 1/2 instead
of a h o u r s )  or to an inadequate volume of f luid emp loyed to re t r ieve  t h e
bacteria  f r o m  the  pen t oneal cavity.

On a quant i ta t ive  basis , there  is a posit ive co r re la t ion  between
mutagenic  and carcinogenic  potencies among the fi ve ant i schis tosomal
compounds tes ted  in this s tud y. The hi g h mutagenic  ac t iv i ty  of hycanthone
is paral le led b y a si gnificant hepatocarc inogenic  e f f ec t  of this compound
fol lowing the adminis t ra t ion  of only a sing le dose of h ycanthone to mice
infec ted  with  S. mansoni  (Haese et al . , 1973). Onl y the most  potent
c a r c inogens induce ne op lasms a f te r  a sing le dose ( W e i s b u r g e r  and
W e i s b u r ger , 1 67 ) .  By contras t , a 3 time hi g her  doses of oxamriiquine
and of 1A—4 - whose  mu tagenic act ivi t ies  in v i t ro  and in vivo are
co n s ide rab l y lower  - failed to induce hepa toca rcinomas  unde r t h e s e
c- i d i t ~ons (Haese and Bueding,  1976).  Simila r posi t ive quant i t a ti~ e
c o r r e l a t i o n s  are  provided by the lower  mutagen ic  potencies  of IA-4
on y eas t  cel ls (Meadow s et al . , 1973; von B o r s t e l  and Quah , 1973),

~~‘--- s  — od i ia  ( Kn~ ap and Kramer s , 1q73; K r a m e r s  and Knaap, l~’75 ) ,
and on -~~ammalian cell systems , both in v i t ro  (Clive , Y~T4 Clive
e t a L , ~~0 7 )  ari d in vivo (Green et a l . ,  l°73a and 1073b ; Sauro and
G reen , l~ 73 ) .  A l so , in con t ras t  to hycanthone , IA- 4  fa i led t o induce
e i t h e r  ma l i gnant t r a n s f o r m a t i ons of mammal ian  cells in v i t r o  ( H e t r i ck
and 1<os , 1073)  or to cause  b reaks  in d o u b l e - s t r a n d e d hepatic DNA in vivo
(Sarm a et al . ,  1076). T h e r e f o r e , w i t h i n  this  s er i e s  of compounds , muta-

~enic pot er ic i e s  in Sa lmone l l a  p a r a l l e l e d  m u t a g e n i c  po tenc ie s in othe r
ce - i  sy s tems , i n c l u d i n g  mammal i an  cel ls , as wel l  as carc inogenic
p ot enc ies .  W ith in  the l imi ta t ions  d i s c u s s e d  by McCann and Ames ( l 9 7 t ~) ,
t hese  au tho r s  have repor ted  othe r para ll el i sms  be tween  mut agen i c and
carc inogen ic  potencies , especially a~r o n c  s t ruc tu rally re j a ted cornpo onds .
Sucii co r r el a t i ons  are  b y no m ean s comp lete b e c au s e  they  do not n e c e s s a r i ly
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app ly to all che micals .  However , some d i sc repanc ies  mi g ht be mo re
apparent  than real . In fact , they  mi g ht diminish or even disappear w i t h
the development of improved methodolog ies of the mutagen ic  assay
sy stems . Whethe r or not , aside f rom hycanthone , the other  four
antis chis tosonia l  compounds a re , albeit weaker , ca rc i nog ens , could
be answered  by exposing rodents th roug hout the i r  l i fe  span to these
compounds.  Resu l t s  of such s tudies  would  provide in format ion  about
the ca rc inogen ic  potential of re la t ive ly weak mutagens .

Eva lua t ion  of the mutagenic  and carcinogenic  potent ial  of chemo-
t :-ie rapeut ic  agents  must  include considerat ion of pharniakine t ic  proper-
t ies  as wel l  as of mutagenic proper t ies  of these  compounds and their
metabol i tes .  Un t i l  a comp letely non-mutagenic  an tisch i s to somal  agent
has bee n developed , the muta genic p roper t i e s  of ava i labt e  s ch i s to somic ide s
sh o u l d  be compared  w i t h  each o the r  so tha t the d rug  wi th  the lowes t  muta-

~enic r is k becomes recogn izab le .  In fact , a WHO committee has recommend-
ed t h a t  w h e r e  t h e r e  is a choice of severa l  d rugs  of known r’-iu t a g en ic  poten-
tial , the dr u ~ wi th  the smallest  r i sk  for  the individual  and the populat ion
should  be u sed  (WHO Reports , 107 1). Yet , th is  o r g a n i z a t i o n  has failed
to app ly such  a ru le  to a n t i s c h i s t o s o m al  compoun ds (WHO Scient i f ic
C r o up ,  I ~~~~

There  a re  v e ry  la rge  d i f f e r e n c e s  in mutagen ic  ac t iv i t ies  of hycan-
thone and IA-4 N-oxide ; yet in mice  both compounds are equipotent
as sch i s to somic ides .  F u r t h e r m o r e , the acute t o x i c i ty  of IA-4 N-ox ide
is more than 12 t imes lower  than that of hycanthone . Hence , st r u c t u r a l
modif icat ions  of the hycanthone molecule  have r educed  m a r k e d ly  both
acute  toxic and mutagenic  p roper t i es , w hile d e s i r e d  c h e rn o t h e r a p e u t i c
activit ies have been mainta ined .
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6~ Experimentally Produced Resistance to Hvcanthone in Schistosoma Mansonj

Genetically transferred resistance of Schist osoma mansoni to the an t i—
schistosoinal drug hycauthone has been reported from this  laboratory (Al ) .  This
type of drug resistance was observed in the progeny of mature worms that had been
exposed to hycauthone within their host. Since we found subsequent ly  that  hycanthone
resistance cart occur also under different conditions (see below) the term Type I
will be used to designate the drug resistant progeny of schistosomes that had been
exposed to a single dose of hycanthonte within their host after the worms had developed
to the adult stage (at least 50 days after exposure of the host to cercariae). A
second type of resistance (Type II) was observed in the progeny of worms who se h o s t s
had been treated with hyca nthone when these ancestors had been in an immature stage
(27 to 30 days after cercarial exposure). The third type of hycanthone resistance
(Type III) was found in the progeny of worms from hosts that had been infected wi th
one sex of cercariae, fo llowed by infections with the opposite sex , 2 to 22 weeks
thereaf ter . Hence, Type III resistance did not involve exposure of the parental
genera tion to hycan thone at any time.

Type I: Progeny of S. mansoni whose hosts were treated with hycanthone after
maturation of the worms.

As illustrated in Fig. Al, this type of drug resistance has remained stable
for 21 generations . The degree of resistance is expressed for each generation as the
pe~ centage of worms surviving 7 weeks after a dose of 80 mg/kg of hycan thone admin-
is tered int ramuscularly to the host. It should be noted that this approaches the
maximum dose tolera ted by mice infected with S. mansoni. -

Type II: Progeny of S. mansorti whose hosts were challenged 27 to 29 days after
cercarial exnosure.

- Hycanthone resistance has been observed in the progeny of worms that had been
exposed to hycanthone at an immature stage . When mouse hosts were treated 27-29 days
after infection with cercariae of S. mansovii with either 60 mg/kg or 3 mg/kg of
hycanthone ,and when thereafter the worms were. allowed to mature they gave rise to a
hycanthorie-resistan t progeny . The immature worms, being not susceptible to hvcanthone,
natured to the adult stage. These adults were susceptible to h yc anthont e when the hosts
were challenged again wi th the drug. However, if not exposed to the drug for a second
time, these worm s gave rise to hycanthone-resistant progeny. The emergence of this
type of resistance was restricted to the administration of the drug at a relatively
short period during the development of the worms (i.e., 27 to 29 day s fo l lowing
cercarial infection). Administration of hycanthone to the host a ft e r  shorter  or
longer time intervals following exposure to cercarice produced resistant progcny
only rarely. It should be noted that 27 to 29 days after infection of the host .;ith
cercariae both male and female reproductive systems are undergoing active develop-
ment.

In five out of six experiments , administration of 60 mg/kg of hycanthonc i.m .
to the host  28 days -‘tfter infection with a Puerto Rican (

~~~~) 
s t r a in , r e su l t ed  in

res i s t an t  progeny. Severa l of these s t rains  were  fol lowed fo r  16 ~~ nar at ions  and
the resistance levels of one such genealogy is reprod uced in F i g .  A2. As in T’,-n~ 3.
resistance was reduced in some generations (e.g., F13), but increased subsequenti :-.

A similar resistance was produced in 2 out of 3 experiments when a 20 t iocs
lower dose (3 mg/kg) of hycanthone was administered to mice 28 days aftcr cercariu 1
infectior.. Ia one of these, tho resistance t ’as mainta ined  for  16 generations (l-~~;. .\3).
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The production of this  type of resistance was not l imi ted  to a single
strain (Puerto Rican N); it was observed also with another Puerto Rican strain
(SW) and a St. Lucian strain. With the S.W . Puerto Rican s t ra in, resis tance
was produced with 60 mg/kg in 2 out of 2 experiments (28 and 29 days after
infection, respectively); in 2 out of 2 experiments with 16 mg/kg (28 to 30 days
after infection), and in 4 out of 4 experiments w i t h  3 mg/kg hycanthone (27 , 28 ,
29, 30 days after infection, respectively). Resistance was followed for 9 gener-
ations and is reproduced in Fig. A4.

In yet another strain (from St. Lucia) the same type of resistance was
produced in 9 out of 10 experiments, using 60 mg/kg i.m. of hycanthone, 27, 28,
29, 30 days after cercarial exposure, respectively. In two instances this resis-
tance was followed for 11 generations (Fig. AS).

Using a similar procedure, only occasionally was a small degree of resist-
ance observed with either 3 or 60 mg/kg with a Liberian strain of S. mansoni. Wi th
another Puerto Rican (WR) strain, no significant degree of resistance was induced
under the same conditions .

Two progenies of hosts that had been treated for 28 days after cercarial
exposure with another antischistosomal agent, oxamniquine (35 mg/kg i.m. or orally),
were also found to be resistant to both hycanthone and oxamniquirie.

Typ e III: Progeny of S. mansoni whose hosts had been infected with one sex of
cercariae fol lowed by infect ion with the opposite sex 2 to 22 -~;eeks t h e r e a f t e r
(Typ e III).

When mice were infected with only one sex of cercariae (either male or
female) 13 to 133 days prior to infection with cercariae of the opposite sex, the
progeny of the resulting adul t  worms was found to exhibit varying degrees of
hycanthone resistance. Mice were first exposed to female cercariae of the Puerto
Rican M strain, and subsequently, 106 days later, to male cercariac. The progeny
of.worms originating from such a sequential introduction of the two sexes was
resistant to a high dose of hycan thone (80 mg/k g). This resistance has been main-
tained at high levels for 12 generations (Fig. A6). Varying degrees of drug resis-
tance were observed also when the intervals be tween the introduc tion of the
cercariae was longer or shorter. Whenever this was determined, resistance was
found to fluctuate, but did not appear to be eliminated in the subsequent
generations (F2 to F5).

With another Puerto Rican strain (SW) , the progeny exhibited approximately
507. hycanthone resistance over 8 genera tions when the female cercariae giving rise
to the original parent strain were introduced 107 days prior to the males.

When the sequence of infecting the hosts with the two sexes was revers ed .
i.e., when the male cercariae were introduced 106 days prior to the females , the
progeny proved to be hycanthone-rasistant also. In the F

1 
generation. in threa out

of four experiments, resistance was comp lete (100%) and in the fourth a 507. l~v~ i
of resistance was observed. In subsequent generations, this resistance fluctuated
to a much greater extent than when the female, rather than the male, cercariae had
been introduced first. In the first eight generations, there was a tendency towards
a progress ive decline to a complete loss of resistance; however, this was followed
by reappeara nce of a comp le tely resistant F

9 
generation and the maintenance of a

high level of resistance in the next two generations (Fig. A7). The further course
of this genetic transfer of resistance is currently beir3 followed. 
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The degree of resistance varied considerably depending on the time interval
which was allowed to elapse between introduction of male and female cercariae. For
examp le, resistance to an extent of 457., 3l~/., 26%, 31% was observed in F1 when thefemale cercariae were introduced 46, 31, 144, 273 days after the male , respectivel~- .

With this type of resistance (Typ e III), there was cross-resistance to two
chloroindazole analogs ef hycanthone, IA-3 and !A-4 (A2). LA-4 is equipotent with
hycanthone against susceptible strains while IA-3 is slightly less active; yet a
subcutaneous dose which is 7 times higher than the LD

50 of hycanthone in the case
of IA-4 (2 g/kg) and more than 10 times the LD50 of hycanthone for LA-3 (3 g/kg),
complete resistance was observed in the F2 progeny of the sequentially introducedcercariae, regardless of whether female or the male cercariae were introduced first.
Both types of progeny remained susceptible to two nitroheterocyclic antischistosomal
compounds, ni ridazole and SQ 18,506.

Genetica lly transferred dru g resistance described in this report  cannot be
explained comp letely by selection of a preexisting resistant strain. For example,
in Type II, immature worms gave rise to a hycanthone- resistant  progeny , whereas
the parents themselves remained susceptible. The possibility that hycanthorie treat-
merit resul ted in the selection of preexistent hycanthone-resistan t oocytes is not
supported by the observation that the number of eggs produced by the adult worms was
not reduced when 3 mg/k g had been administered 28 days a f te r cercarial infection.
Yet, under these conditions strong resistance was observed in the progeny of two
strains of S. mansoni.

Some genetically transferred characteristic conferring hycanthone resistance
in the progeny is produced by exoosure of germ cells to hycanthone at a b r ief period
during development of the parasite (Type II) or by sequential, rather than by
simultaneous, introduction of the two sexes of cercariae into the host. Since
hyca~ thone resis tance was found to be maternally transferred, the possibility of
extrachromosomal inheritance should be considered. -

On the basis of our observations with five strains of S. mansoni, it is not
possible to predict in how many strains any or all of the three types of resistance
can be produced . However, Type II resistance could readily be produced in 3 out of
5 strains, and Type III in both of two Strains, while Type I has been found so far
to occur in only one .

It should be noted that this is the first reported instance of experimentally
produced drug resistance in a parasitic metazoan that appears in the f i r s t  generation
(F1) following a single exposure of the parent generation. In another helminth
(Hemonchus contor tus)  drug resistance to thiabendazole is seen after progressive
selection from a part ia l ly resistant population of worms.

It does not appear that the abi l i ty  of the parasites to take up the drug or
its metaboli tes  had been altered. Recent observations in this laboratory indica te
that after administration of a chloroindazole analog of hycanthone, L-\-4, to which
hycanthcne—rcsistant worms are cross-resistant, the levels of this drug and of i ts
metabolites are the same in hycanthone-susceptible and hycanthorte—resistant schisto-
somes. Possibly some changes associa ted with pyrimethamine resistance of malarial
parasi tes may be analogous, such as reduced hthding of the drug or of its active
metabolite, or the synthesis of an increased amount of an enzyme whose activity is
inhibited by the drug (A3). In any case, as in the case of hycanthone resistance
of sc!.istosomes , pyrimetharnine resistance has appeared after a sing le exposure of
malarial parasites to the drug (A4—A6).
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Some of the drug resistance observed in this study may have been carried
over from an earlier stage of the life cycle of the parasite . It is well known
that immature stages (schistosomulae) are not susceptible to hycar.tbone. This
nay be similar to a phenomenon observed with malarial parasites. The occurrence
of chioroquinc-resistant asexual forms ,f P. falciparum is contrasced by the lack of
chloroquine resistance of the other three human malarial parasites. This may be
related to the fact that the infectivi ty of the gametocytes of the la t ter  three
species is dest royed by ch loroq uine , while the sexual forms of P. falciparum are
resistant to the drug.

Summary. Genetically transferred resistance to the antischistosomal drug
hy canthone can be produced in some strains of Schistosoma mansoni (a) by adminis-
tration of the drug to hosts of adult schistosomes (Type I), (b) by exposure of
immature schistosomes to the drug within their host, 27 to 30 days after infection
with cercariae (Type II), and (c) by infection of the host with one sex of cercariae
followed by infection with the opposite sex 13 to 133 days thereafter (Type III).
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